Cell-mediated cytotoxicity (CMC) responsible for natural resistance to foreign cells, tumors, and viral infections is now receiving much attention because of its possible involvement in primary mammalian host defense mechanisms (9, 11) . It differs from classical T cell-dependent responses in that it is present in unimmunized individuals, is non-thymus dependent, and is less restricted with regard to its specificity (13) . Although natural CMC systems have been detected in a number of mammalian species, the cells mediating this activity are quite heterogeneous, not only among different species, but also, in some instances, within one given species. Thus, in mice, natural killer (NK) cells, a particular class of lymphocytes, are cytotoxic in vitro to a series of lymphoma lines in short-term assays (13) and seem to be distinct from lymphocytes capable of cytotoxic effects against solid nonlymphoid tumors in long-term in vitro assays (32) . Furthermore, spontaneous cytotoxicity has been observed in murine systems mediated by a subpopulation of adherent nonphagocytic peritoneal B lymphocytes (30) and by a variety of cells clearly belonging to the monocyte lineage (19, 33) . Recently, reports have appeared in the literature indicating the occurrence of natural CMC in vitro against microorganisms such as Trichomonas vaginalis (22) and Cryptococcus neoformans (29) . Although apparently distinct, the cells responsible for these activities fall into the category of natural cytotoxic effectors, a notion which is suggestive of a role played by natural CMC in host resistance against infectious organisms.
We have recently reported (4) on the in vivo modulation of resistance to experimental Candida albicans infection by cyclophosphamide (Cy) in mice and have shown that the increased resistance to the microbial challenge occurring 12 to 21 days after exposure to Cy is concurrent with the appearance of a highly candidacidal cell population in the spleen and the activation of a subpopulation of natural cytotoxic effectors reactive in vitro against YAC-1 tumor cells.
In the present study, we attempt to characterize this anti-Candida cytotoxic activity in vitro and compare it with the activity of NK cells, which have recently been shown to be capable of inhibitory effects on the in vitro growth of the yeast-like organism C. neoformans (29) . The results obtained demonstrate that the Cy-induced natural CMC in vitro against C. albicans is mediated by cells presumably of the macrophage lineage that are clearly distinct from NK cells.
MATERIALS AND METHODS
Mice. Inbred BALB/c nude Cr(H-2d), C57B1/6 Cr(H-2b), CBA/J Cr(H-2k), A/J Cr(H-2a), and hybrid (BALB/c Cr x DBA/2 Cr)F1 (CD2F1; H-2d/H-2d) mice were obtained from the Mammalian Genetic Section, National Cancer Institute, Bethesda, Md., and from our own colony. In (ii) Nylon column. Effector cells were passed over a nylon fiber column as previously described (17) . Briefly, the sterile nylon columns were rinsed with 20 ml of RPMI 1640 supplemented with 5% fetal calf serum.
The columns were drained of excess medium and then replaced in the sterile syringe covers and put in a CO, incubator at 37°C at least 1 h before loading of cells.
Then 108 cells in a volume of 2 ml were added to the column and washed into the nylon wool with 0.5 to 1 ml of warm (370C) medium. The columns were replaced in the sterile syringe covers and left for 45 min at 37°C. The columns were then washed slowly with warm (370C) medium, the first 25 ml of effluent was collected in 50-ml conical tubes, and the cells were pelleted at 290 x g for 10 min at 4°C. Cell recovery was about 30%. (ii) 5tCr release assay against C. albicans or other Candida species. Candidacidal activity of various effector cell populations was assessed by means of a previously described technique (3) . Briefly, various numbers of effector cells in 0.1 ml were mixed in Ushaped 96-well microtiter plates with 5 x 104 5 Crlabeled yeast cells (2 x 108 cells with 300 pCi of Na251CrO4 for 2 h). After a 4-h incubation at 37°C in 5% CO2, the plates were centrifuged at 800 x g for 10 min, and radioactivity in 0.1 ml of the supernatant was where total cpm is the radioactivity incorporated by 5 x 104 Candida cells.
(iii) 51Cr release assay against tumors. The assay has been previously described (31) . Various concentra-(iii) Carbonyl-iron powder and magnet. Removal of phagocytic cells from the effector cell population was performed as previously described (21 (Fig. 1B) . Changes in the candidacidal potential of spleen cells followed a similar kinetic pattern, with a negative peak on day 3 and a rebound to above normal levels by days 12 to 18 after Cy exposure (Fig. iB) . Comparison of NK activity and candidacidal effects by using splenocytes from mice of different strains and age. To characterize in vitro the cells involved in the increased resistance to C. albicans observed in vivo and in consideration of the parallelism between modulation of NK and changes in candidacidal potential, we decided to study the Cy-induced enhancement of anti-Candida cytotoxic activity with regard to parameters known to regulate the expression of murine NK cell activity. Age-matched mice of different strains, either untreated or treated with Cy 12 days earlier (a time at which maximal increase in resistance is observed), were tested for CMC against radiolabeled YAC-1 and C. albicans cells. Figure 2B shows that a typical strain distribution was detectable for NK cell activity in both the intact and Cy-treated mice, with CBA/J, BALB/c nude, and CD2F1 mice being far more reactive than A/J mice. On the contrary, no major differences in reactivity could be found among strains in their ability to kill C. albicans particles (Fig. 2A) . Another comparison was made by using mice of different ages that are known to provide high and low levels of NK expression. CD2F1 mice of three different ages (8, 12 , and 30 weeks), either untreated or given Cy 12 days before, were used as donors of spleen cells to be tested for CMC (Fig. 3) . It is apparent that an age dependency of the effects was present for both the NK and candidacidal activities, according to a pattern that is typical of natural resistance functions (14, 20) .
Characterization of effector cells. (i) Removal of adherent cells. To characterize the effector cells responsible for CMC against C. albicans in our system, we first studied the effects of removal of plastic-and nylon-adherent cells from the splenic population of Cy-treated animals. Concurrently, we evaluated the impact of these treatments on NK cell activity. Table 1 shows that fractionation of spleen cells by plastic adherence gave rise to two populations, both capable of potent candidacidal activity in the Cytreated group of animals; on the contrary, in the control group, removal of the plastic-adherent cells led to decreased activity, a finding consistent with previous observations (M. Baccarini, E. Blasi, P. Puccetti, G. Sbaraglia, and F. Bistoni, Sabouraudia, in press). Different results were obtained in the NK assay, in which both in the control and Cy-treated groups of animals, the lytic activity was retained by the nonadherent population, consistent with the nonadherent nature of NK lymphocytes (13) . When the test was extended to nylon wool fractionation (Table   INFECT. Table 3 shows that the treatment reduced the cytotoxic activity of spleen cells from Cy-treated animals, whereas it completely abolished the reactivity of Iz >control mice, a finding in line with previous data from our laboratory (Baccarini et al., in press).
r Thus, the cytotoxic population reactive against C. albicans from mice exposed to Cy appeared to be heterogeneous with respect to phagocytic ability. On the contrary, in the NK assay, removal of phagocytic cells always resulted in enhanced cytotoxicity.
(iii) Treatment with antisera plus complement. Various antisera directed against specific cell membrane antigens were used to further characterize the cells responsible for CMC against C. K activity and candidaci-albicans in our system after exposure to Cy. The -ytes from Cy-treated or effect of these antisera was concurrently tested ages. Spleen cells from on NK cell activity. Table 4 shows that treat-)r given Cy (E) 12 days ment with anti-Thy 1.2 serum plus complement o at different effector to or anti-Asialo GM, plus complement had a proIlbicans (A) or YAC-1 (B) found impact on NK cell activity against YAC-1 nt the upper limit of the targets in both intact and Cy-treated animals. On the contrary, neither treatment significantly affected the candidacidal activity of spleen cells st of the anti-Candida from control or Cy-treated animals. y-treated mice resided (iv) Target selectivity. The enhancing effects of fraction, as opposed to Cy on CMC were also studied by using a panel nic effectors from un-of both fungal and tumor targets. Table 5 shows assay, passage through that the enhanced cytotoxic potentials induced to enhanced cytotoxic by Cy against C. albicans were also observed nd Cy-treated animals. against the other strains of Candida tested, with no major differences in sensitivity displayed by the various strains. In the NK assay, Cy administration failed to enhance cytolysis of tumor targets poorly sensitive to natural cytotoxicity. DISCUSSION Immunosuppressive regimens in humans may be among those precipitating events which create an environment favorable for host invasion by C. albicans, a common member of the normal microbial flora (7, 23) . Cy has long been used to produce these conditions in experimental infections (1, 2, 8, 10, 15, 16 ). We have recently reported that, by using proper doses and appropriate timing of Cy administration, it is possible to modulate mouse resistance to experimental C. albicans infection (4). In particular, it was found that, on exposure of mice to Cy, 150 mg/ kg, 12 to 21 days before inoculation with live yeast cells, enhanced resistance was observed, with the majority of animals surviving the challenge. A numerical rebound of blood polymorphonuclear neutrophils and the appearance of a highly candidacidal population in the spleen were among the factors presumably responsible for the late increase in resistance to C. albicans after Cy administration. Concurrent with increase in resistance was the activation of the subpopulation of NK cells reactive in vitro against YAC-1 tumor cells. In the present study, by using 51Cr-labeled C. albicans particles as targets in an in vitro microcytotoxicity assay (3), we attempted to characterize the functional and antigenic properties of the Cy-induced candidacidal effectors in comparison with the properties of NK cells recovered from untreated or Cytreated mice. This appeared particularly interesting since natural CMC against microorganisms has been recently described (22, 29) and NK cells have been in one case indicated as mediators of the microbicidal activity (29) .
In our experimental model, the Cy-induced candidacidal and tumoricidal effectors showed a different strain distribution. The microbicidal activity apparently lacked major fluctuations among the various strains, whereas the lysis of 
